Porous tantalum metal with low elastic modulus is similar to cancellous bone. Reticulated vitreous carbon (RVC) can provide threedimensional pore structure and serves as the ideal scaffold of tantalum coating. In this study, the biocompatibility of domestic porous tantalum was first successfully tested with bone marrow stromal stem cells (BMSCs) in vitro and for bone tissue repair in vivo. We evaluated cytotoxicity of RVC scaffold and tantalum coating using BMSCs. The morphology, adhesion, and proliferation of BMSCs were observed via laser scanning confocal microscope and scanning electron microscopy. In addition, porous tantalum rods with or without autologous BMSCs were implanted on hind legs in dogs, respectively. The osteogenic potential was observed by hard tissue slice examination. At three weeks and six weeks following implantation, new osteoblasts and new bone were observed at the tantalum-host bone interface and pores. At 12 weeks postporous tantalum with autologous BMSCs implantation, regenerated trabecular equivalent to mature bone was found in the pore of tantalum rods. Our results suggested that domestic porous tantalum had excellent biocompatibility and could promote new bone formation in vivo. Meanwhile, the osteogenesis of porous tantalum associated with autologous BMSCs was more excellent than only tantalum implantation. Future clinical studies are warranted to verify the clinical efficacy of combined implantation of this domestic porous tantalum associated with autologous BMSCs implantation and compare their efficacy with conventional autologous bone grafting carrying blood vessel in patients needing bone repairing.
Introduction
Bone defect is a kind of bone loss caused by bone trauma, infection, tumor resection, and other systemic diseases. 1, 2 The body can regenerate and repair small-area bone defect but is unable to repair large-area bone defect. 3, 4 Allogeneic bone grafting is related to immune rejection and cannot construct effective blood supply. 5 Autologous bone grafting is one of the common methods of bone defect reconstruction. 6 But this strategy may sometimes result in complications and deformities in the donor area where bone mass is limited. 7 However, the most important disadvantage of autologous bone grafting is that the permanent blood supply cannot be steadily constructed. So the bone graft might undergo fibrosis in the process of ''creeping substitution'' and might be absorbed at the end. At present, the most effective method for treating bone defect is autologous bone grafting carrying blood vessel. 8, 9 This method can prevent bone graft to be absorbed and could reconstruct blood supply permanently, but there are also some disadvantages related to this strategy including inadequate bone resource, limited bone shape, inducing some damage in the donor area, etc. It is to note that autologous bone grafting carrying blood vessel cannot repair the large bone defect.
Cancellous bone has porous network structure consisted by a large number of interconnected trabecular. Trabecular connecting with cortical bone owns irregular three-dimensional network structure in the bone marrow cavity, forming a sponge-like structure to support the hematopoietic tissue in cancellous bone. In the past two decades, there were numerous reports and researches on artificial porous materials for bone defect, highlighting the clinical importance of research in this field. Ideal scaffold for bone defect should have not only good biocompatibility, but also a porous framework within which revascularization occurs and against which new bone is layered and can be developed as substitutes of trabecular. 10 The most commonly used substance of porous biomaterials is calcium hydroxyapatite (HA) which is the main chemical constituent of bone. 11 However, HA implants might undergo some degree of chemical dissolution, thus limiting their clinical use. Other commonly used porous materials are ceramic, polymers, metals, and so on. Ceramics is strong but very brittle. Polymers have good ductility but are very weak. Metals with high strength and good ductility become attractive candidate for implants. But most metals and alloys currently available are subject to corrosion in the biological environment. 12 Tantalum metal has good ductility, tenacity and biocompatibility, and is highly resistant to corrosion but does not result in body tissues stimulation. Solid tantalum has been considered as a good substrate for the attachment, growth, and differentiated function of human osteoblasts. 13 Sagomonyants KB and Welldon KJ, respectively, reported that porous tantalum stimulated the proliferation and osteogenesis of osteoblasts from elderly women patients and from patients with total joint replacement surgery. 14, 15 Porous tantalum medical product made by Zimmer corporation in the USA has been successfully applied to the hip, knee, shoulder, ankle joint, and the spinal surgery. [16] [17] [18] [19] [20] [21] Nevertheless, melting point of tantalum is about 3000 C, so porous tantalum with highly interconnected pores and uniform honeycomb structure is very difficult to obtain through the traditional technology. Until now, Zimmer is the only medical device company with porous tantalum in the world.
The preparation of porous tantalum was always a problem in the past decades. Because the density of tantalum is too high, a kind of low density and non-toxic porous scaffold need to be sprayed on tantalum in order to reduce the density of porous tantalum. Carbon is a non-toxic material with excellent biocompatibility. 22 Qiu et al. used carbon fiber to repair osteochondral defects in the rabbit knee, and better subsurface support was noticed by carbon fiber than in the case of natural healing. 23 Reticulated vitreous carbon (RVC) containing more than 99% carbon element owns highly interconnected pores and honeycomb structure. 24 The microstructure and pore size of RVC is very similar to natural cancellous bone. In 2009, Aoki et al. found that thin carbon fiber web as bone substitute materials with human bone morphogenetic protein-2 promoted the formation of new heterotopic bone in mice back muscles. 25 However, RVC is brittle and easy to crack because of its low mechanical strength, a metal coating is essential in order to gain sufficient mechanical strength and suitable elastic modulus. The combination of RVC and tantalum coating might thus provide a scaffold for reconstruction of blood supply, growth of new bone, and become a kind of artificial porous medical material.
Autologous bone marrow stromal stem cells (BMSCs) are considered as the ''best seed cells'' due to their wide sources, easy extraction, and fast proliferation characteristics. BMSCs can transform into osteoblasts and promote bone repair. 26 Our previous study demonstrated the efficacy and safety of autologous implantation of ex vivo expanded BMSCs into the femoral head for the treatment of early stage osteonecrosis of the femoral head. 27 Stiehler et al. reported that human mesenchymal stem cells cultured on solid tantalum plate had nice osteogenic differentiation. 28 In recent years, studies on porous material co-cultured with ''seed cells'' become a hot spot in the field of bone tissue engineering. 29 It was shown that biological materials combined with BMSCs in vivo can improve osteogenesis and accelerate bone formation and bone integration with the material. 30 Meanwhile, many researchers have reported the biocompatibility of various porous materials with primary culture BMSCs isolated from small animals such as mice, rats, or rabbits. 31, 32 But there is scarcely study on the biocompatibility and osteogenic potential of porous tantalum with primary culture BMSCs isolated from large animals.
In this study, we tested the biocompatibility of tantalum coating and RVC scaffold with canine BMSCs adhesion and proliferation in vitro and osteogenic potential of porous tantalum associated with autologous on bone defect repair in vivo. The aim of this work was to assess the possibility of application of tantalum coating of RVC scaffold supplemented with autologous BMSCs for bone regeneration.
Materials and methods
Preparation of RVC and porous tantalum RVC and porous tantalum were produced by Institute of Metal Research, Chinese Academy of Sciences and Zhongshan Hospital of Dalian University, respectively. The preparation method of porous tantalum has been approved as an invention patent in China (No. ZL 2013 1 0447227.6; http://www.sipo.gov.cn/). Briefly, RVC scaffold was etched in 10% hydrochloric acid for 10 min and then cleaned in ddH 2 O and ethanol, respectively. The scaffold then was put into the reaction chamber after drying with nitrogen. Next, TaCl 5 powder which was heated to 150 C was sucked into the reaction chamber with high temperature argon gas (300 C) as the carrier gas. The carrier gas flow rate was 100 mL/min; the temperature in reaction chamber was 1050 C; the pressure in reaction chamber was 10 Pa. At the same time, reduction reaction in reaction chamber lasted for 4 h with 120 mL/min hydrogen flow rate. The physical and mechanical properties of domestic porous tantalum were shown in Table 1 .
Isolation and culture of BMSCs
All procedures on animals were approved by the Animal Ethics Committee of Dalian University. Use of animals was approved by the Institution's Animal Care and Use Committee. BMSCs were obtained from eight-week-old male Beagle dogs by centrifugal isolation. Whole bone marrow was pooled and resuspended in DMEM/F12 (Hyclone, Thermo Fisher Scientific, Waltham, MA, USA), supplemented with 10% FBS (Hyclone, Thermo Fisher Scientific, Waltham, MA, USA), 100 UI/mL penicillin (Invitrogen, Life Technologies, Carlsbad, CA, USA), 100 mg/mL streptomycin (Invitrogen, Life Technologies, Carlsbad, CA, USA), and seeded on cell culture plastic. Cells were maintained at 37 C under 5% CO 2 in humidified air. After two days, cultures were rinsed carefully with phosphate buffer saline (PBS) to remove non-adhered cells and cultured in fresh culture medium. After 10-12 days, the cells reached about 90% confluence for subsequent experimental studies.
Flow cytometry
Cells were washed with PBS and then harvested and counted. 5 Â 10 5 cells in 100 mL PBS were incubated with 5 mL FITC-conjugated rat anti-dog CD44 (0.2 mg/mL), 5 mL PE-conjugated mouse anti-dog CD34 (0.2 mg/mL), or 5 mL PE-conjugated mouse anti-dog CD45 for 15 min, respectively. The negative control was generated by replacing the antibody with isotype IgG. After washing with PBS containing 1% BSA (Sigma-Aldrich, St. Louis, MO, USA), fluorescence of cells was analyzed using a Coulter EPICS XL flow cytometer (Beckman Coulter, Fullerton, CA).
Direct immunofluorescence staining
After washing with PBS, cells grown on coverslips were fixed in 4% paraformaldehyde (Sigma-Aldrich, St. Louis, MO, USA) for 20 min. After blocked with 3% complete serum for 2 h at 37 C, cells were incubated with FITCconjugated CD44 (1:200 dilution), PE-conjugated CD34 (1:200 dilution), or PE-conjugated CD45 (1:200 dilution) for 30 min. The negative control was generated by replacing the antibody with isotype IgG. After several rinses with PBS, cells were incubated with 4 0 ,6-diamidino-2-phenylindole (DAPI) (Sigma-Aldrich, St. Louis, MO, USA) for 30 min. Images were captured with the Olympus BX51 fluorescence microscope.
Proliferation assay by MTT chromatometry
1.0 Â 10 7 /L, 3.0 Â 10 7 /L, 9.0 Â 10 7 /L BMSCs were seeded in wells of a 96-well plate with DMEM/F12, respectively. Cells were allowed to precipitate at 37 C for 1 h and then an autoclaved RVC or porous tantalum was added with sterile forceps to each well. After one, three, five, and seven days of co-culture, porous tantalum or its scaffold (RVC) was removed and relative cell numbers were detected by MTT chromatometry (Sigma-Aldrich, St. Louis, MO, USA), respectively. Briefly, 20 mL tetrazolium (5 mg/mL, Sigma-Aldrich, St. Louis, MO, USA) was added after incubation. Four hours later, the MTT solution was removed, the formed formazan crystals were dissolved in 200 mL DMSO (Sigma-Aldrich, St. Louis, MO, USA) for 10 min and absorbance was measured at 490 nm. 24 
Scaffold cell loading and fluorescence labeling
The autoclaved RVC scaffolds were submerged in PBS to reduce liquid rejection by electrostatic loading. The excess fluid around the scaffold was aspirated. Then 50 mL of BMSC suspension culture medium (1 Â 10 6 cells/mL) were loaded onto each RVC scaffold. The constructs were then incubated for 2 h in the CO 2 incubator at 37 C. Medium was changed every 3-4 days. After 28 days of co-culture, scaffolds were rinsed with PBS, fixed with 4% paraformaldehyde overnight at 4 C, rinsed with PBS, and permeabilized with 0.2% Triton X-100 in PBS for 30 min at room temperature, followed by another rinse with PBS. Then cells were labeled at room temperature under light protection for 15 min with a PI (Sigma-Aldrich, St. Louis, MO, USA) in PBS at a concentration of 5 mg/mL and again rinsed with PBS. Images were captured with the Nikon confocal microscope.
Adhesion and growth of BMSCs on RVC scaffold or porous tantalum by scanning electron microscopy (SEM)
The autoclaved RVC or porous tantalum was submerged in PBS to reduce liquid rejection by electrostatic loading. The excess fluid around the scaffold was aspirated. Then 200 mL of BMSC suspension culture medium (4 Â 10 6 cells/mL) were loaded onto RVC or porous tantalum. The constructs were incubated in the 5% CO 2 incubator at 37 C. Medium was changed every 2-3 days. After seven, 14, 21, and 28 days of co-culture, materials were rinsed with PBS, fixed with 2% glutaraldehyde for 2 h, rinsed with PBS. Then the two materials were infiltrated, respectively, in 50, 70, 80, 90, 100% dehydrated alcohol at all levels to make BMSCs dehydration. Then samples were dried at critical point and one surface of each sample was sprayed with gold in vacuo and examined by SEM in a JEOL (Tokyo, Japan) JSM-6360LV instrument.
Animals and implantation
This experimental protocol was performed in accordance with the China Animal Research Guidelines, and all procedures on animals were approved by the Animal Ethics Committee of Dalian University. All surgery was performed under sodium pentobarbital anesthesia, and all efforts were made to minimize suffering. After male Beagle dogs (male, 12 weeks old, 8.5-10 kg) were anesthetized, 1.0 cm Â 0.7 cm bone defect cylinder was made in bilateral hind legs' greater trochanter along the direction of femur. Then, 0.9 cm Â 0.6 cm porous tantalum rods with or without BMSCs were implanted in defect sites, respectively. In porous tantalum rods with BMSCs group, 200 mL of BMSC suspension culture medium at a concentration of 5 Â 10 7 cells/mL were loaded onto porous tantalum for one week in vitro before implantation. X-ray was used in order to show the position of tantalum at three, six, and 12 weeks postimplantation (three specimens per sampling time point). In defect with BMSCs group, 200 mL of BMSC suspension culture medium at a concentration of 5 Â 10 7 cells/ mL were injected into the defect site. The defect group without BMSCs served as untreated control group. Sampling time point for the untreated control group, defect with BMSCs group, and normal control group was at 12 weeks post various treatments. At the study end, dogs were anesthetized and sacrificed in order to gain the bilateral greater trochanter samples. For the subcutaneous pocket site, porous tantalum with the connective tissue was obtained at 12 weeks postimplantation.
Histomorphology
Defect bearing including greater trochanter and subcutaneous pocket was prepared for histological evaluation. Samples were fixed in 10% formaldehyde in phosphate buffer (pH 7.4). Bones were dehydrated in a graded series of ethanol and embedded in plastic for hard tissue slicing. Sections of 10 mm thickness were prepared throughout the defect/tantalum sites for Van Gieson's stain. Briefly, the sections were put into methanoic acid for 3 min and then in methanol for 2 h. After washing in dddH 2 O, sections were incubated with methylene blue (Sigma-Aldrich, St. Louis, MO, USA) for 5 min at 60 C. After several rinses with dddH 2 O, sections were stained by fuchsin-picric acid (Sigma-Aldrich, St. Louis, MO, USA) for 15 min. Slides were washed by dehydrated alcohol and then visualized at 40Â and 100Â magnification on an inverted microscope (Olympus, Tokyo, Japan). Five visual fields on each slice were selected randomly and taken pictures under 100 Â magnification optical microscope. New bone formation area in the pores of porous tantalum was measured by Image J software.
Statistical analysis
Each experiment was repeated for three times, results presented as the mean AE SEM. Statistical differences between test groups were analyzed by one-way ANOVA and LSD post hoc test. A p value <0.05 was considered statistically significant.
Results

Identification of BMSCs
The isolated cells expressed the MSC marker CD44 (Figure 1(a) ) but scarcely expressed the hematopoietic stem cells marker CD34 (Figure 1(b) ) and leukocyte marker CD45 (Figure 1(c) ). The isolated cells expressed CD44 protein with green fluorescence in cell membrane and cytoplasm (Figure 1(d) ), while the cells were negative for CD34 and CD45 so just nuclei was stained with blue fluorescence of DAPI (Figure 1 (e) and (f)). These expression patterns in dog are similar to BMSCs in human. 33 
Proliferation of BMSCs on porous tantalum or RVC scaffold
The statistical results showed that the proliferation of BMSCs co-cultured with porous tantalum or RVC for one, three, five, and seven days, respectively, was not inhibited compared to the control group (P > 0.05) ( Figure 2 ). So we considered that BMSCs didn't suffered cytotoxicity in the presence of domestic porous tantalum or RVC.
Adhesion and growth of BMSCs on porous tantalum or RVC scaffold
After 48 h, adherent cells from primary culture system presented with round, oval, or polygonal shapes, some of them started to stretch. After 10 days, BMSCs reached about 90% confluence (Figure 3(a) ). After 28 days of coculture, dense populations of BMSCs with red fluorescence were visualized to adhere on the RVC material under confocal microscopy. Round, partially spread, and also fully spread BMSCs were also observed ( Figure 3(b) ). Energy spectrum showed that the component of RVC was carbon element (Figure 3(c) ). SEM results were as follows. BMSCs cultured on RVC for seven days; there were few BMSCs on RVC surface and the morphology of BMSCs presented as long spindle shape (Figure 3(d) ). After 14 days, BMSCs presented with diverse shapes and dispersed on the surface of RVC scaffolds and there was no connection among cells (Figure 3(e) ). After 21 days, polygonal BMSCs were seen and connected with each other and exhibited a fully spread phenotype (Figure 3(f) ). After 28 days, there were more adherent and spread BMSCs compared to that after 21 days co-culture (Figure 3(g) ).
Energy spectrum showed that the component of porous tantalum was tantalum element and carbon element (Figure 4(a) ). Several BMSCs on porous tantalum surface could be visualized after seven days BMSCs culture on porous tantalum (Figure 4(b) ). After 14 days, BMSCs began to connect with each other and exhibited a fully spread phenotype (Figure 4(c) ). After 28 days, the number of adherent BMSCs was significantly higher than that post 21 days co-culture (Figure 4(d) and (e)). Overall, adhesion and spread of BMSCs on porous tantalum were better than on RVC scaffold at comparable culture time point.
Imageology and histological evaluation of porous tantalum
Biocompatibility of porous tantalum in subcutaneous pocket. As we know, massive fibrillar connective tissue will be generated around the defect sites for large-area bone defect. The connective tissue is the main component of subcutaneous pocket under the canine groin. To observe the biocompatibility of porous tantalum with loose connective tissue and dense connective tissue, porous tantalum was implanted into subcutaneous pocket under the canine groin ( Figure 5(a) ). After 12 weeks, porous tantalum was surrounded by the connective tissue without local tumor formation and inflammatory reaction ( Figure 5(b) ). Van Gieson's stain results showed that subcutaneously implanted porous tantalum was completely integrated into the connective tissue without immunologic rejection ( Figure 5(c) ). Osteogenesis of porous tantalum associated with autologous BMSCs. Three weeks postimplantation of porous tantalum rods without BMSCs, massive fibrillar connective tissue formation was observed in the pore of tantalum rods (Figure 6(a) ). Three weeks postimplantation of porous tantalum rods associated with autologous BMSCs, horizontal section imaging showed that new bone tissue grew at the interface of the porous tantalum and the host bone.
Meanwhile, new bone tissue and fibrillar connective tissue were observed on the surface of the tantalum rods and in the pores (Figure 6(b) ). By six weeks, the number of new bone cells was seen at the interface and connected with the host bone with porous tantalum implantation alone. In addition, the tantalum surface and pores were covered with new bone tissue ( Figure 6(c) ). While defect area was filled with much more new bone tissue in the pore of scaffold postimplantation of porous tantalum rods associated with autologous BMSCs (Figure 6(d) ). At 12 weeks postporous tantalum implantation alone, porous tantalum was completely filled with calcification bone tissue ( Figure 6(e) ). Interestingly, at 12 weeks postporous tantalum implantation plus autologous BMSCs, regenerated trabecular equivalent to mature bone in the pore of tantalum rods was observed on defect sites ( Figure 6(f) ). In bone defect animals without treatment, massive fibrillar connective tissue was observed at 12 weeks ( Figure 6(g) ) while some new osteoblast was observed in the defect margins at 12 weeks post-BMSCs implantation (Figure 6(h) ). Surgery process was shown in canine greater trochanter window with porous tantalum rod implantation ( Figure 6(j) ). Figure 6(k) shows the X-ray imaging of porous tantalum implanted into the cancellated bone tissue. Statistical results showed that at the same time point of postimplantation, porous tantalum rods associated with autologous BMSCs could accelerate the formation of new bone in the pores (Figure 7 ).
Discussion
The major finding of this work is two-folds: (1) Newly developed tantalum coating and its scaffold have good osteoconduction and can promote adhesion, aggregation, and proliferation of BMSCs in vitro. (2) Tantalum coating of RVC supplemented with autologous BMSCs successfully repaired bone defects in dogs and well integrated with the surrounding bone tissue in a more efficient way compared to using domestic porous tantalum implantation alone. It is notable that the regenerated trabecular post domestic porous tantalum plus autologous BMSCs implantation in dogs is equivalent to mature bone.
Previous studies show that porous tantalum also has sufficient mechanical strength, while its elastic modulus is lower than cortical bone and higher than cancellous bone. 34 These properties of porous tantalum make the postimplantation stress shelter negligible and are conducive to bone remodeling. 35 Furthermore, due to the flexibility and ductility of porous tantalum, porous tantalum will undergo just slight deformation but without fragmentation when contacting the hard cortical bone in vivo. Moreover, it is beneficial to postimplantation initial stability for the host bone because of its large friction coefficient. Zimmer has produced porous tantalum for the first time and achieved good effectiveness for treating bone defect clinically. 21 In the last few years, there have been some research on the combination of porous tantalum and other biological materials to repair the osteochondral or cartilage defect. For example, porous tantalum in combination with periosteal grafts can promote excellent bony incorporation of the scaffold into trabecular subchondral bone. 36 Tantalum scaffold with fibrin as cell carrier promotes chondrocyte proliferation and cartilaginous tissue formation. 37 In addition, porous tantalum begins to be applied as dental implants in animal experiments and in clinic. 38,39 Nevertheless, melting point of tantalum is about 3000 C, so porous tantalum with highly interconnected pores and uniform honeycomb structure is very difficult to obtain through the traditional technology. The preparation of porous tantalum was always a problem in the past decades. Zimmer produces tantalum coating on thermosetting polymer foam precursor by chemical vapor deposition and becomes the only medical device company with porous tantalum in the world. However, the product is very expensive, and the widespread use of porous tantalum in China is limited. Wang et al. prepared porous tantalum by the powder metallurgy technique and implanted into the femoral condyle of rabbits. 40 But this method is difficult to get high open-cell porous metals. In recent years, with the rapid development of 3D printing technology, net-shape porous tantalum has been created with laser engineered net shaping technique and applied for bone defects in rat. 41 One question is that the spherical pure tantalum powder for 3D printing costs so much and very difficult to purchase. At present, the most effective method is to use chemical vapor deposition technique to prepare tantalum coating on three-dimensional scaffold, such as porous Ti6Al4V scaffold. 42 With a long-term period of research and development, we have successfully made out tantalum coating on the surface of domestic porous RVC scaffold using chemical vapor deposition technique in China for the first time.
It has been several decades that carbon is used in medicine field. RVC characterized by light weight and low density has highly interconnected pores and honeycomb structure. Wickham and Kent, respectively, reported favorable properties of RVC as a matrix for corneal endothelial cells or embryo fibroblast 3T6 cells growth. 43, 44 Pec et al. found that their RVC bought from Oakland, United States was cytotoxic for rabbit MSCs but not for rabbit chondrocytes. 24 In this work, we confirmed that there was no cytotoxicity for domestic RVC co-cultured with canine BMSCs. Meanwhile, confocal laser microscope and dynamic observation with SEM both showed more and more adherent and fully spread BMSCs appearing on the surface of RVC and in the pore of RVC. All of these proved that our RVC biomaterial was much safer. However, RVC is very brittle and easy to crack because of its low mechanical strength. In Osteoblast (white arrows). Control: normal bone tissue. Surgery in canine greater trochanter with tantalum rod (arrows) for three, six, and 12 weeks (j). X-ray imageology showed that porous tantalum (arrows) implanted cancellated bone (k) the clinical practice, RVC is usually considered as a kind of scaffold in order to provide three-dimensional structure. So, there is no need to perform experiments demonstrating the potential effects of RVC implantation in vivo.
No matter in vivo or in vitro, cells and tissues will first contact with the surface of material. So it is very important for the cells to adhere the material surface as the first step. The different adhesion properties of different materials can largely affect cells proliferation and differentiation. Excellent proliferation, adhesion, and spread of BMSCs on this newly developed porous tantalum were assessed by MTT and SEM in vitro. Meanwhile, SEM results showed that the three-dimensional porous structure of the tantalum promoted secretion and infiltration of nutrients and metabolites. All of these demonstrate that domestic porous tantalum had excellent biocompatibility.
It is well known that massive fibrillar connective tissue will be generated around the defect sites for large-area bone defect. To observe the good biocompatibility of tantalum coating with loose connective tissue and dense connective tissue, porous tantalum was implanted into subcutaneous pocket under the canine groin. After 12 weeks, porous tantalum was surrounded by the connective tissue without local tumorigenesis and inflammatory reaction. Hacking et al. also found that porous tantalum of subcutaneous implants permitted rapid ingrowth of vascularized soft tissue and attained soft tissue attachment strengths greater than with porous beads. 45 This result was consistent with ours. Moreover, Ren et al. reported that porous tantalum cylinder was beneficial to the treatment of bone defects suffered from firearm injuries in rabbit. 46 In this work, the osteogenic potential of porous tantalum associated with autologous BMSCs was detected. We found that the efficacy of co-implantation with porous tantalum and autologous BMSCs was much better than porous tantalum implantation alone at comparable time point postimplantation. In proportion with implantation time (3w, 6w, 12w), more and more new bone tissue grew at the interface of the tantalum and the host bone, on the surface of the tantalum coating and in the pores. Three-dimensional structure and interconnected pores of sufficient size were beneficial for bone cell adhesion and migration and appropriate for osteogenesis. Interestingly, regenerated trabecular equivalent to mature bone in the pore of tantalum rods was evidenced at the implanted defect site after 12 weeks implantation of porous tantalum rods with autologous BMSCs. Taken together, abovementioned results suggest that the newly developed domestic porous tantalum with autologous BMSCs can be considered as an ideal bone trabecula substitution for clinical use. In large-area bone defect animals without treatment, massive fibrillar connective tissue was observed at 12 weeks, while some new osteoblast was observed in the defect margins at 12 weeks post-BMSCs implantation. We hypothesized that implanted BMSCs might differentiate into osteoblasts.
In summary, we found that newly developed domestic tantalum coating and its scaffold can promote adhesion, aggregation, and proliferation of BMSCs in vitro. In vivo studies demonstrate that implanted tantalum with a high porosity (70-85%) and host bone may produce a stable connection and integration. The osteogenic potential of domestic porous tantalum associated with autologous BMSCs is excellent and regenerated trabecular equivalent to mature bone in the pore of tantalum. Future clinical studies are warranted to verify the clinical efficacy of combined implantation of this domestic porous tantalum plus BMSCs implantation and compare their efficacy with conventional autologous bone grafting carrying blood vessel in patients needing bone repairing.
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